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ABSTRACT: The density functional theory (DFT) and time-dependent
DFT methods have been used to investigate the persulfurated coronene
(PSC) and its chalcogenide analogues (POC and PSeC), derived from the
substitution of sulfur, oxygen, and selenium for all hydrogen atoms in
coronene, respectively. The presence of peripheral S−S in PSC results in a
σ-type lowest unoccupied molecular orbital and the dark low-lying states
(S1 ∼ S15). The peripheral S−S bond is responsible for its electron capture,
which maintains a planar configuration of the singly and doubly negative-
charged PSC. POC is predicted to have the most stable saddle-shaped
structure with the CO group, and its bowl-shaped isomer with the O−O
moiety is less stable by 279.2 kcal/mol energetically. PSeC has similar
electronic and structural features with PSC, but its dimer is predicted to
have much better hole mobility, compared to PSC. The present results
indicate that the chalcogenide substitution at the periphery of the
polycyclic aromatic hydrocarbons may remarkably change their electronic and spectroscopic properties as well as the carrier
transport behavior of their molecular materials.
1. INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs), composed of sp2
carbons, can be regarded as the nanosized segments of two-
dimensional graphene, where the edge dangling bonds are
saturated by the hydrogen atoms. The functionalized PAHs are
quite promising materials in organic electronic devices.1 And
they are also identified as the suitable building blocks for the
bottom-up method to form controlled-sized graphene
quantum dots.2 The peripheral structure of PAHs plays a
key role in determining their physical and chemical properties,
and thus the chemical functionalization of PAHs can be
achieved by replacing the edge atom with nitrogen,3,4 sulfur,5−7
oxygen,8 and so forth.
The sulfur-rich PAHs have the unique electronic structure
and the superior redox behavior, and they are quite promising
in the organic field-effect transistors and organic photo-
voltaics.9−12 In 2006, Nenajdenko et al. have reported a highly
symmetric and planar thiophene-fused fully heterocyclic
circulene C16S8, named “sulflower” (derived from sulfur and
flower).5 The C16S8 molecule has a D8h-symmetry structure
with eight π-conjugated annulated thiophene rings at the
periphery, and since its discovery, such a novel type of carbon-
sulfur compounds have received considerable attention.13−16
The planar “sulflower” molecule has a large surface area and
fascinating chemical structure, and its storage ability of
molecular hydrogen was investigated theoretically.17 Further-
more, its high-symmetry configuration allows a close solid-state
packing, which may provide an efficient charge transport
channel for the organic semiconductors.18−21
Recently, a fully sulfur-substituted coronene has been
synthesized experimentally, and this persulfurated coronene
(PSC, C24S12) has six fused disulfide bonds at the periphery,
named a next-generation “sulflower”.22 Such a PSC molecule
with a sulfur-rich characteristic was suggested to be a
promising cathode material for the lithium−sulfur battery.
More recently, the PSC-based two dimensional metal−organic
framework (MOF) was synthesized by using the planar FeS4-
linking, and this MOF single-crystal shows the ferromagnetic
and semiconducting features as well as the potential spintronic
application.23 The features of the electronic structure and
charge transportation of such novel sunflower molecules and
their dimers have been investigated theoretically, and they are
predicted to have the potential for the development of organic
p- and n-type semiconductors.24
Despite such important contributions, the fundamental
physical and chemical properties of the PSC molecule and
its derivatives from the replacement of sulfur atoms at the
periphery have not been thoroughly understood. Here
extensive theoretical calculations have been used to explore
the low-energy structures, frontier molecular orbitals, aroma-
ticity, stability, electronic absorptions, and the carrier transport
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properties of selected neutral and charged systems, which may
provide a basis for understanding of the peripheral-substitution
effect of coronene and development of PSC-based materials.
2. COMPUTATIONAL DETAILS
The monomer geometries of all the studied compounds and
their corresponding charged systems have been optimized by
using the B3LYP25−28 hybrid functional with the 6-31+G(d,p)
basis set,29 implemented in the Gaussian 16 package.30 For the
open-shell singlet diradical and triplet states of the doubly
charged anion, the spin-unrestricted UB3LYP method has
been considered in calculation with the same basis set.
Considering the notable noncovalent interactions in the
molecular dimer, the dispersion corrected functional with the
Becke−Johnson damping, B3LYP-D3(BJ), thoroughly vali-
dated in previous theoretical studies,31−33 has been used. Once
the minimal energy structures were located on the potential
energy surface, the harmonic frequencies were calculated at the
same level of theory to assess the nature of the optimized
structures. In order to have an insight into the aromaticity of
these molecules, the nucleus-independent chemical shift
(NICS) indices at 1 Å above the z direction of the planar
ring (denoted as NICSzz(1)) were calculated by using the
gauge-invariant atomic orbital34,35 approximation at the
B3LYP/6-31+G(d,p) level of theory.
Additionally, the internal reorganization energies and the
effective transfer integrals of holes and electrons for the
molecular dimers, which are inversely proportional and
proportional to the mobility, respectively,36,37 were estimated
to measure their potential applications in optoelectronics.
Generally, both internal and external reorganization energies
are important,38 but here the external contribution is negligible
for the isolated dimer. Also the internal reorganization energy
is a measure of the geometrical distortion between the charged
and neutral forms of a molecule.39,40 The internal reorganiza-
tion energy is estimated by using the adiabatic potential energy
approach, and for the hole and electron injection, the internal
reorganization λ can be simply calculated by the following
formulas:
E E E E( ) ( )hole cationλ = * − + * −+ + (1)
E E E E( ) ( )electron anionλ = * − + * −− − (2)
where E, E+, and E− represent the energies of the optimized
neutral, cationic, and anionic species, respectively, E+* (E−*)
denotes the energy of the cationic (anionic) state of the
molecule at the neutral geometry, and Ecation* (Eanion* ) is the
energy of the neutral molecule at the cationic (anionic)
geometry.
The effective transfer integral represents the strength of
electronic coupling between the two adjacent neighboring
molecules, and the effective transfer integral, site energy and
spatial overlap have been calculated, based on the direct
method,41,42 by using the Amsterdam Modeling Suit program
(AMS 2018), that is, the Amsterdam density functional
package.43−45 The effective transfer integral Jeff is calculated
by the following formula46
J
J
S1
S e e
eff
( )
2
2
1 2
=
−
−
+
(3)
where Jeff and S denote the effective transfer integral and spatial
overlap integral, respectively. The e1 and e2 represent the site
energy (the energy of a charge when it is localized at a
particular molecule) of the two adjacent molecules. The
dispersion-corrected hybrid functional B3LYP-D3(BJ) was
used in all calculations performed by the AMS program, and
the all-electron quadruple-zeta quadruply polarized (QZ4P)47
basis set was used for all atoms. It should be noticed that the
charge transfer performance was only qualitatively discussed,
based on the internal reorganization energies and effective
transfer integrals without quantitative calculations for the
charge mobility. The basis set superposition error48 was
considered in prediction of interaction energies of the
corresponding dimers by using the counterpoise method49,50
together with the B3LYP-D3(BJ) functional. Electronic
absorptions and corresponding electron−hole distributions
were explored by the Multiwfn program (version 3.6).51 The
internal conversion (IC) rate constant (kic) and the Huang−
Rhys (HR) factor were calculated by using the MOMAP52 and
DUSHIN53 packages, respectively.
3. RESULTS AND DISCUSSION
3.1. Structures and Molecular Electrostatic Poten-
tials. Because of the low solubility of PSC, the growth of the
single crystal is not possible, and thus the experimental
structural data is not available at present. Herein, the ground-
state geometries and related properties of the target systems
have been determined by the B3LYP approach, which has been
widely validated in previous studies for the PAHs.18,54 Figure 1
displays the structural drawings and corresponding optimized
structures of all the studied compounds here. Similar to the
coronene molecule, the ground states of both PSC and PSeC
exhibit a rigorous planar structure in D6h symmetry. As Figure
1 shows, all S−S and Se−Se bonds at the periphery are exactly
equivalent, and have separations of 2.15 and 2.39 Å,
respectively. We note that the inner C−C bonds maintain at
Figure 1. Optimized structures and the selected key bond lengths (Å)
of coronene, POC, PSC, and PSeC at the B3LYP/6-31+G(d,p) level,
in which the molecular symmetry is measured by using Materials
Studio software with a tolerance of 0.01 Å.
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around 1.42 Å, and exhibit an ignorable change, compared to
coronene. Differing from the pristine coronene and POC, both
PSC and PSeC have relatively uniform distribution of the
molecular electrostatic potential (MEP), as shown in Figure
S1.
As for the POC molecule, two totally different stable
structures, namely, the saddle- and bowl-shaped configurations,
have been located, as shown in Figures 1 and S2, which are
from the stepwise and direct geometry optimizations,
respectively. Quite interestingly, the saddle-shaped POC is
lower in energy than the bowl-shaped structure by 279.2 kcal/
mol, exhibiting much higher stability. Accordingly, the stable
saddle-shaped structure has been considered in the following
study.
As shown in Figure 1, there is no O−O bond in the saddle-
shaped POC, different from PSC and PSeC, and all oxygen
exists in the form of ketone groups. The CO distance is 1.21
Å, and the C−C bond lengths are 1.37, 1.46, 1.48, and 1.54 Å,
respectively, bearing the character of a single or double bond.
The relatively large electronegativity of oxygen results in the
positively charged central region and the negatively charged
periphery in POC, as shown in Figure S1. For the bowl-shaped
POC, the C−O and O−O distances are 1.38 and 1.52 Å,
respectively, and the C−C bonds vary from 1.38 to 1.42 Å.
3.2. Frontier Molecular Orbitals. The highest occupied
molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) as well as their energy levels of
coronene, POC, PSC, and PSeC are depicted in Figure 2. The
B3LYP-predicted HOMO and LUMO energy levels of
coronene were −5.73 and −1.73 eV, respectively, showing
good agreement with the experimental data of −5.72 eV for
HOMO and −1.71 eV for LUMO.55 We note that among all
the calculated energy levels of PSC by different approaches, the
B3LYP-predicted HOMO−LUMO (H−L) gap of 2.06 eV
matches the experimental value of 2.16 eV very well (see Table
S1). As depicted in Figure 2, the HOMO and LUMO of
coronene as well as HOMOs of the PSC and PSeC molecules
are basically delocalized π-type orbitals with a two-fold
degeneracy. However, LUMOs of PSC and PSeC are σ*-
type orbitals, and they are mainly distributed over the
peripheral atoms, which may be ascribed to the slightly
stretched S−S and Se−Se bonds (see Figure 1). On the
contrary, both HOMO and LUMO of the saddle-shaped POC
exhibit the σ-type orbital character. As shown in Figure 2, the
calculated H−L gap of coronene is 4.00 eV, much larger than
those of other compounds considered here, in which the
saddle-shaped POC has the smallest H−L gap of 1.13 eV.
Clearly, coronene and the “sulflower” or “sulflower”-like
systems have different bonding features, and the substitution
of the chalcogenide atoms may modify their electronic and
optical properties remarkably.
3.3. Aromaticity. The NICS is defined as the negative
value of the absolute shielding calculated at the specific point
around the molecular system, and it is widely used to evaluate
the aromaticity of heterocycle rings.56−59 The more negative
the NICS value, the better the aromaticity. In general, the
NICS(0) indices are computed at the ring center, while
NICS(d) values are calculated at a distance d (Å) above/below
the plane of the ring. Herein, the NICS(1) is defined at 1.0 Å
distance above the mass center of the given ring at the z
direction (denoted as NICSzz(1)), which is recommended to
account for the π-electron delocalization effects.57,59
The predicted NICSzz(1) indices for the studied rings are
presented in Figure 3. All the core and edge rings of coronene,
PSC, and PSeC are of an aromatic character. However, the
rings of both PSC and PSeC compounds exhibit a relatively
weak aromaticity than the corresponding rings of the pristine
coronene, showing that the fully substitution of sulfur and
selenium at the periphery may weaken the aromaticity.
Differing from coronene, PSC, and PSeC, the saddle-shaped
POC has a nonaromatic core ring with the NICS value of
−0.05 ppm, and its edge rings are antiaromatic, which can be
ascribed into the remarkable structural distortion (see Figure
1).
3.4. Structure and Stability of the Charged Systems.
The optimized structures and selected bond lengths of all the
studied singly and doubly charged systems are presented in
Figure S3. In comparison with their neutral species, the
equilibrium geometries of charged coronene and POC are less
changed. Although the singly and doubly negative charged
states of PSC still remain a planar conformation, the S−S
distances are elongated remarkably, such as 2.72 Å for the
single bond in 2[PSC]1− and 2.26−3.30 Å for certain bonds in
Figure 2. Spatial distributions and energy levels of selected frontier
molecular orbitals of all the studied compounds here predicted at the
B3LYP/6-31+G(d,p) level, in which the iso-surface value is set to 0.03
au.
Figure 3. Calculated NICSzz(1) indices (ppm) of coronene, POC,
PSC, and PSeC in the ground state.
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the most stable conformation of 1[PSC]2−. As shown by the
spin population in Figure S4, the elongated S−S bond (2.72 Å)
in 2[PSC]1− has a character of the three-electron σ bond
[(σs−s)
2(σs−s* )
1], while the most stable 1[PSC]2− has a broken
S−S bond with 3.30 Å and an elongated S−S bond of 2.71 Å at
the para-position. The most stable 1[PSC]2− exhibits a
biradical character with the unpaired electrons of
[(σs−s* )
α(π*)β] (see Figure S5).
The predicted electron affinities (EAs) and ionization
potentials (IP) of coronene, POC, PSC, and PSeC are
compiled into Table 1. The B3LYP-predicted IP values of
coronene, PSC, and PSeC consist well with the most recent
computational results with the maximum deviation within 0.08
eV.24 Furthermore, the predicted EA of coronene is 0.49 eV
here, which is in agreement with the experimental value of 0.47
± 0.09 eV60 (see Table S2). As Table 1 shows, the studied
PSC and PSeC have the negative second EA, suggesting that
they have the ability to accommodate two electrons. For PSC,
the excess electrons mainly enter into the σs−s* bond, which is in
accord with the σ-type LUMO contributed by S−S bonds.
These molecules generally have relatively high IPs, which are
corresponding to the low-energy π-type HOMOs. However,
the predicted third EA of PSC is 1.83 eV, indicating that PSC
is unable to capture three electrons.
For the doubly negative-charged PSC and PSeC, there are
three possible electronic configurations, including the open-
shell singlet biradical and triplet state, as well as the closed-
shell singlet (CS) state. Here the unrestricted broken spin-
symmetry (BS) B3LYP method has been used to obtain the
structure of the open-shell singlet state. The predicted spin
populations and relatively energies of the open-shell single and
triple state for PSC are displayed in Figure S5, and it is
noteworthy that the most stable singlet biradical of 1[PSC]2− is
slightly more stable than the next triplet 3[PSC]2− by 3.6 kcal/
mol, and they have the electronic character of [(σs−s* )
α(π*)β]
and [(σs−s* )
α(σs−s* )
α], respectively. Our calculations reveal that
the para-position arrangement for the two unpaired excess
electrons has relatively high stability. As Figure S3 shows, the
charged PSeC has similar structural features with that of PSC.
However, the most stable doubly negative-charged config-
uration of 1[PSeC]2− is the close shell state, whose energy is
just 5.1 kcal/mol lower than the open-shell singlet biradical
state.
The singly positive-charged coronene, POC, PSC, and PSeC
have a similar structure with their neutral species, and the spin
distributions show that the π-type unpaired electrons in
2[coronene]1+ and 2[POC]1+ are delocalized over the molecule
(see Figure S4), while the spin densities for 2[PSC]1+ and
2[PSeC]1+ are mainly localized at two para-position S−S bonds
and their adjacent carbon atoms, suggesting that the electron
ionization arises from the π-type lone pair of S atoms. This is
in accord with the similar geometries for both neutral and
cationic species.
3.5. Electronic Absorptions and Decay of Low-Lying
States. The UV−visible absorption spectra of all the systems
considered here have been investigated by time-dependent
density functional theory (TD-DFT) calculations with the
polarized continuum model61 in the N-methyl-2-pyrrolidone
(NMP) media, based on the optimized ground-state structures.
Here, four different functionals, including B3LYP, CAM-
B3LYP, M06-2X, and PBE0 have been employed in TD-DFT
calculations with the same basis set of 6-31+G(d,p), in order to
choose a more suitable one. The simulated Gaussian-type
absorption spectra are plotted in Figure S6, along with the
available experimental absorption curves of PSC and
coronene.22,62
Experimentally, the synthesized PSC species displays a weak
and broad absorption band in the region of 400−600 nm with
the main peak centering at around 457 nm, while strong
absorptions generally appear in the high energy region (λ <
300 nm). Our calculations indicate that as more highly excited
states are involved in the TD-DFT treatment, the calculated
electronic adsorptions by all the selected four functionals are
approximately comparable with the observed band, in which
the TD-B3LYP-predicted spectrum shows relatively good
agreement with the experiment (see Figure S6). For
comparison, the experimental and theoretical electronic
absorptions of coronene were also incorporated in Figure S6.
As shown in Figure S6c, within the experimentally measured
absorption region, the TD-B3LYP-predicted absorptions
centering at around 304 and 338 nm for the coronene dimer
consist well with the observed peaks at 305 and 340 nm,
respectively, suggesting that the weak low-energy absorption at
340 nm in experiment may be derived from the aggregate of
coronene. Here the TD-B3LYP functional was chosen to
determine all electronic absorptions in subsequent calculations.
As shown in Figure 4, within the absorption region
considered here, coronene exhibits three absorption peaks in
the wavelength range below 400 nm. The strongest absorption
peak is located in the ultraviolet region with the wavelength of
202 nm, which is similar with those of POC, PSC, and PSeC.
As shown in Table S3, the strongest absorption at 202 nm
Table 1. Predicted Adiabatic EA and IPs by B3LYP/6-
31+G(d,p) Calculations
compound EA1
a EA2
a IP1
b
coronene −0.49 3.02 7.02
POC −5.80 −2.28 8.70
PSC −2.75 −0.68 6.32
PSeC −2.98 −0.87 6.14
aEA1 and EA2 demonstrate the first and second adiabatic EAs,
respectively. bIP1 is the first adiabatic IP. All energies are in eV.
Figure 4. Simulated absorption spectra and the corresponding
oscillator strength of coronene, POC, PSC, and PSeC in NMP
media at the TD-B3LYP/6-31+G(d,p) level.
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mainly arises from the S0 → S33, S0 → S34, S0 → S45, and S0 →
S46 electronic transitions. Also the electron−hole distributions
from the electron excitation analysis in Figure S7 show that all
the transitions exhibit the π → π* character. The absorption
peak at 313 nm is attributed to the S0 → S3 and S0 → S4
electronic transitions with the π → π* character. The relatively
weak adsorption at 143 nm is mainly contributed by the higher
σ → σ* excitation.
As compared with coronene, the initial broad absorptions of
POC, PSC, and PSeC appear in the relatively low-energy
visible light region, which may be attributable to effects of the
peripheral substitution of the chalcogenide atoms on the
electronic absorption of these polycyclic systems. We note that
POC has more weak and broad absorptions, compared to PSC
and PSeC, in which the extremely broad band centered at 787
nm is mainly attributed to the S0 → S7 and S0 → S8 electronic
transitions in the saddle-shaped structure of POC and its
ketone groups (see Table S4). In addition, the electron−hole
distributions also show that the lone pair electrons of the
oxygen atoms mainly contribute to the maximum absorption
(Figure S8). The high-energy absorption at 173 nm is mainly
from the n → π*-type electronic excitations.
The simulated absorption spectrum of PSC exhibits two
main absorption bands at 450 and 203 nm, respectively. The
predicted relatively weak absorption at 450 nm agrees with the
observed weak and broad band at 457 nm in the experiment.
The strongest absorption appears in the ultraviolet region,
which is contributed by the electronic excitations from S0 to
several high-energy excited states (see Table S5). It should be
noticed that the absorptions at 450 nm basically arise from the
electronic transitions from S0 to S16 and S17 states, and the low-
lying states (S1 ∼ S15) have the character of the dark state. The
electron−hole distributions indicate that the absorption band
at 450 nm is mainly attributable to the electronic transitions
from the π-type orbital of the peripheral sulfur to the π* orbital
of the inner carbons (see Figure S9). PSeC has similar
electronic absorptions with PSC (see Table S6 and Figure
S10), in which the absorption band at 463 nm is attributed to
the S0 → S17 and S0 → S18 transitions with the π → π*
character.
TD-DFT calculations indicate that the low-lying states (S1 ∼
S2 for coronene and S1 ∼ S15 for PSC) have no optical activity,
and the calculated inactive S1 → S0 emission also suggests that
the lowest excited state S1 may be accessed through the
internal conversion from high-lying states. The dark S1 states of
coronene and PSC have been located and the predicted
emission energies are 3.34 and 1.02 eV, respectively. To have
an insight into the decay of S1, here the internal conversion
rate constants (kic) from S1 to S0 were estimated by using the
thermal vibration correlation function theory63,64 implemented
in the MOMAP package, and the HR factors were calculated
by using the DUSHIN program to figure out the relationship
between the structure and energy conversion process in the S1
→ S0 decay process.
Figure 5 presents the simulated HR factors, along with the
corresponding normal modes. As shown in Figure 5, the two
largest HR factors for PSC are 6.06 (318 cm−1) and 0.28 (394
cm−1), much larger than 0.49 (1416 cm−1) and 0.09 (493
cm−1) for coronene, which are responsible for a larger kic of
3.81 × 1011 s−1, compared to 1.77 × 109 for coronene. As
depicted in Figure 5, the relatively large HR factors for
coronene mainly come from the stretching vibration of the
entire carbon skeleton, especially the stretching of the inner
ring, and the larger HR factor (6.06) for PSC mainly arises
from the stretching vibration (318 cm−1) of two disulfide
bonds located in the para-position, suggesting that the disulfide
bonds play an important role in the decay process of S1.
3.6. Charge Transport Properties. In order to evaluate
the charge transfer performance of the studied compounds, the
reorganization energies and the corresponding effective
transfer integrals have been theoretically calculated. The
internal reorganization energies of holes and electrons have
been obtained at the B3LYP/6-31+G(d,p) level. The
calculated hole and electron reorganization energies (λh and
λe) are shown in Table 2. Generally, the effective transfer
integral strongly depends on the relative position of the π···π
stacking hopping channel in the neighboring dimer mole-
Figure 5. Calculated HR factors vs normal mode frequencies for
energy conversion between S1 and S0 of coronene (a) and PSC (b),
respectively. The vibrational modes with the largest HR factors are
shown as the inset.
Table 2. Distances between Centers of Mass (d, Å),
Interaction Energies (ΔEint, kJ/mol), and Absolute Value of
Effective Transfer Integrals (Jeff, meV) for the Holes and
Electrons of the Dimers Together with the Calculated
Internal Reorganization Energies (λ, eV)
dimer d ΔEint λhole λelectron Jeff,hole Jeff,electron
coronene 3.71 −94.6 0.13 0.17 200.6 108.6
POC 4.69 −156.3 0.24 0.18 94.9 139.7
PSC 3.76 −227.2 0.11 1.72 43.8 30.5
PSeC 3.39 −260.2 0.11 0.98 189.4 55.0
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cules.65−67 The initial dimer model of coronene was extracted
from the X-ray structure, and the similar dimer structures for
PSC, PSeC, and POC were constructed from the substitution
of oxygen, sulfur, and selenium atoms for all the peripheral
hydrogen atoms initially, followed by the geometry optimiza-
tion. These optimized dimers are given in Figure 6. The
predicted effective transfer integrals of these dimers at the
B3LYP-D3(BJ)/QZ4P level, based on the direct method, are
incorporated into Table 2.
The theoretically predicted interaction energies of these
dimers vary from −94.6 to −260.2 kJ/mol, and the centroid
distances change from 3.39 to 4.68 Å. We note that, here, the
predicted centroid distance (3.70 Å), the interaction energy
(−94.6 kJ/mol), and the hole effective transfer integral (200.6
meV) of coronene agree well with the corresponding
computational values of 3.70 Å, −94.96 kJ/mol, and 203.2
meV, respectively, in the most recent study.24
The magnitude of λh and λe of coronene is comparable,
suggesting that there is a balance between the hole and
electron transports in this material. The hole effective transfer
integral of coronene is the largest one. POC has the
comparable λe with coronene and a relatively large electron
effective transfer integral, showing that the substitution of
oxygen atoms may improve electron transfer properties.
Corresponding with the notable deformation of their anionic
structures, the λe values of PSC and PSeC are much larger than
those of other species. The electron effective transfer integrals
of PSC and PSeC are remarkably smaller than that of
coronene, and thus, PSC and PSeC are beneath coronene in
the interlayer electron transfer, which might be ascribed to the
peripheral σ-type LUMO for both PSC and PSeC, while
coronene has a π-type LUMO. Compared with coronene,
PSeC has comparable λh and the hole effective transfer integral,
and they should have similar hole transport behaviors. As
shown in Table 2, the hole effective transfer integral of PSeC is
almost four times larger than that of PSC, showing that the
fully peripheral substitution of the heavier selenium atoms may
be favorable for the hole transfer in these polycyclic molecular
materials.
4. CONCLUSIONS
Structural and spectroscopic properties of PSC and its
chalcogenide analogues (POC and PSeC) have been
investigated by extensive DFT and TD-DFT calculations.
The substitution of chalcogens for the peripheral hydrogen
atoms of coronene has been predicted to modify the structural
and electronic properties of the polycyclic aromatic system. In
particular, PSC and PSeC have σ-type LUMOs mainly
contributed by the peripheral bonds, and the capture of excess
electrons results in notable elongation and cleavage of these
S−S/Se−Se bonds. The neutral and charged PSC and PSeC
maintain a planar conformation, like coronene. The sub-
stitution of oxygen atoms for all hydrogen atoms in coronene
may yield the bowl- and saddle-shaped structures of POC, and
the former with O−O moieties is less stable in energy than the
latter with ketone groups by 279.2 kcal/mol. The low-lying
states (S1 ∼ S15) of PSC cannot be populated by light
excitation, and the presence of peripheral S−S bonds may
facilitate the internal conversion from S1 to S0. Compared to
the coronene dimer, the dimers of POC and PSeC are
predicted to have better electron and comparable hole
mobilities, respectively.
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